Introduction: Action is urgently needed to curb the rising rates of non-communicable diseases (NCDs) in lowand middle-income countries (LMICs) and reduce the resulting social and economic burdens. There is global evidence about the most cost-effective interventions for addressing the main NCD risk factors such as tobacco use, unhealthy diets, physical inactivity, and alcohol misuse. However, it is unknown how much research is focused on informing the local adoption and implementation of these interventions. Objective: To assess the degree of research activity on NCD priority interventions in LMICs by using bibliometric analysis to quantify the number of relevant peer-reviewed scientific publications. Methods: A multidisciplinary, multi-lingual journal database was searched for articles on NCD priority interventions. The interventions examined emphasise population-wide, policy, regulation, and legislation approaches. The publication timeframe searched was the year 2000Á2011. Of the 11,211 articles yielded, 525 met the inclusion criteria.
N on-communicable diseases (NCDs) are a major cause of morbidity and mortality globally. In 2004, NCDs were responsible for 60% of all deaths and almost half of the burden of disease as measured in Disability-Adjusted Life-Years (DALYs) (1) . The impact of NCDs extends beyond the world's wealthy, older populations. Eighty percentage of NCD deaths occur in low-and middle-income countries (LMICs) of which almost 30% are people under 60 years of age. Projections for 2020 indicate that Africa and other LMICs will have the largest increase in NCD mortality (1) . The rise in NCDs is accompanied by a heavy economic impact. The estimated cumulative lost economic output for 2011Á2025 caused by the four major NCDs in LMICs is more than US$7 trillion (2) . This global NCD crisis threatens the achievement of both health and non-health development goals.
As evidenced by the United Nations (UN) High Level Meeting of the General Assembly on the Prevention and (page number not for citation purpose) ae ORIGINAL ARTICLE Glob Health Action 2012. # 2012 Amanda C. Jones and Robert Geneau. This is an Open Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 3.0 Unported License (http://creativecommons.org/licenses/by-nc/3.0/), permitting all non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. (3) and the signing of the UN Political Declaration on the Prevention and Control of NCDs (4) , policymakers in LMICs recognise the urgent need for action on NCDs. In lowresource settings, international experts are advocating for a focus on the evidence-based NCD strategies that have the greatest impact on health outcomes while still being very cost-effective and feasible (5, 6) . Analysis on the cost of scaling up these priority interventions further supports their economic feasibility (7) . Many of these identified priority interventions focus on primary prevention and recommend population-wide interventions that target the major NCD modifiable risk factors, that is, tobacco use, unhealthy diets, physical inactivity, and harmful use of alcohol.
Control of NCDs held in September 2011
Research is crucial to inform the development and implementation of these priority interventions in LMICs. Significant research has been done on the application of these interventions in high-income countries but contextual differences (8Á11) create limitations to how much this research can help inform work in LMICs (12Á14). While an assessment of research from these countries shows much NCD research activity despite the dominance of the infectious diseases research agenda (15) , it is unknown how much NCD research in LMICs is focused on the strategies that stand to make the biggest impact on the NCD burden.
The purpose of this study was to assess the degree of research activity on NCD priority interventions in LMICs by using bibliometric analysis to quantify the number of relevant peer-reviewed scientific publications over a 12-year time period. This study provides evidence about the extent to which research efforts in LMICs are aligned with the need to support the adoption and implementation of NCD priority interventions in the world's poor countries.
Methods
Identifying priority interventions For this study a 'priority intervention' is one that has been shown, based on the best scientific data available, to deliver large population health benefits at a relatively low cost. Population-wide interventions, many of which are based on the implementation of healthy public policies, legislation and regulation that reduce the main shared modifiable risk factors for NCDs (16) , are a highly costeffective approach to targeting NCDs (5, 7). While some individual-based treatment interventions have been identified as being high-impact and relatively cost-effective (5), this study focused on population-wide measures. This also excludes interventions that rely primarily on personal behaviour change through social marketing or individual counselling at the community or health care facility levels and publications focused on epidemiological evidence, surveillance, and biomedical science.
The selected interventions are grouped into three categories: tobacco control, healthy diets and physical activity, and reducing harmful alcohol use (Table 1) . The priorities for tobacco control in LMICs are four key measures specified in the World Health Organization (WHO) Framework Convention on Tobacco Control (FCTC) that can prevent millions of deaths each year at a cost of less than US$1 per person per year: tobacco price increases, legislation of health warnings, smoking bans in both the work place and public places, and bans on tobacco advertising and promotion (17, 18) . The category 'healthy diets and physical activity' encompasses approaches that promote healthy living by improving the dietary environment, for example, by undertaking salt reduction efforts (18Á22) and by modifying the built environment to facilitate active commuting through walking and cycling (23) . Due to the anticipated low number of articles on physical activity priority interventions these articles were grouped with healthy diets to facilitate easier analysis and comparison across intervention types. The priority interventions to reduce harmful alcohol use are alcohol price increases through taxation, restricting the availability of retail alcohol, and implementing legislation to ban alcohol marketing and sponsorship (24) .
Article search
The research articles included in this study were located through a systematic journal database search using 
Coding
Using the title and abstract, each publication was assessed based on three inclusion criteria: one, a focus on the development, implementation or evaluation of one or more of the priority interventions; two, the research was set in one or more low-or middle-income country (LMIC); and three, the publication was a research article and not a news report, letter or editorial, etc. Publications could be based on primary or secondary research. A total of 525 articles met all three inclusion criteria and made up the data set. Using the bibliographic information (i.e. title, abstract, and authors' institutional affiliations) and, if necessary, the full length article, each included article was reviewed and coded according to several dimensions (Table 2) . Following a calibration exercise on a subset of articles, the coding criteria were refined and applied to the entire data set. Once completed, the coded data set was reviewed and checked for consistency. [23] were published in other languages (summed values are greater than 100% since some publications were available in multiple languages).
Data analysis
Using Excel, the findings were tallied by year of publication, region of focus, type of the intervention by risk factor, first author's country, and first author type (LMIC author or HIC author). Sub-tallies were calculated for each year, region group, country, intervention category, first author's country, and author type. Frequencies, percentages, and cross tabulations were calculated. Graphical representations of the data were created in Excel.
Results
Article production by year Among the 525 included articles there was a clear increase in the number of articles published each year on the topic of NCD priority interventions in LMICs (Fig. 1 Among the tobacco control publications, the most common priority interventions were smoke-free spaces and tobacco taxes.
In the early stages of the examined time period, there was relatively little difference in the number of publications for each risk factor (Table 3) , the growth of tobacco control publications quickly outpaced the other risk factors, undergoing a 1,014% increase from the year 2000 to 2011. Publications addressing priority healthy diet and physical activity interventions have grown steadily, with a 650% increase from 2000 to 2011. The yearly numbers of publications on alcohol priority interventions have risen and fallen. The top producing Tobacco control was the leading topic in all geographic regions (Fig. 3) 
Authorship patterns
Of the 525 included articles, a large proportion had a first author whose institutional affiliation was with a highincome country (HIC) (51.2%, 269 articles); 48.8% of first authors (256 articles) provided an institutional affiliation in a LMIC (Table 4 ). The yearly output values indicate a trend in the past 3 years toward a higher proportion of 'LMIC authors.' This increase in LMIC authorship coincided with recent increased first authorship from researchers with institutions in China, Mexico, and India. In 2010 and 2011 authors from these three countries were first authors on 25.4% of all publications for those years.
The United States was overwhelmingly the most common country of institutional affiliation (Annexe 1). The five most frequently listed high-income countries for first author institutional affiliation were United States (30.3% of all articles), United Kingdom (5.7%), Australia (3.8%), Fig. 3 . Percent of articles on each intervention by risk factor for geographical regions. Of the total number of included research articles, the percentage of them (and number) addressing a non-communicable disease priority intervention. Interventions are grouped in three categories: tobacco control, healthy diets and physical activity, and reducing harmful alcohol use. Articles are organised by geographical region of focus. An article may be classified in more than one intervention type. Articles focusing on countries from more than one region are classified as 'Multiple Regions.' Canada (2.5%), and Switzerland (2.1%). The 11 most frequently listed LMICs for first author institutional affiliation were China (6.9%), India (5.5%), Brazil (5.1%), Mexico (4.6%), South Africa (4.4%), Argentina (2.5%), Thailand (2.5%), Turkey (2.1%), Pakistan (1.7%), Chile (1.5%), and the Russian Federation (1.5%).
Authorship was examined for each regional group by comparing the proportion of LMIC authors to HIC authors in a region's publications (Fig. 4) . Middle East & North Africa is the regional group with the highest percent of LMIC first authors (90.0%, nine of 11 articles). However, given the small number of articles from this region, it is possible that this difference could diminish with a larger sample. Articles addressing Multiple Regions had by far the lowest rate of LMIC authorship (12.5%; 14 of 112 articles). Articles focused on the regions of South Asia and Latin America & Caribbean had high LMIC authorship rates (83 and 61.4%) and contributed a large volume of LMIC authored papers. There was no difference in LMIC versus HIC authorship when articles were compared across intervention groups.
Discussion
This study found that there is still relatively little published research on NCD priority interventions in LMICs, with only 525 articles published in the last 12 years, a contribution that could be insufficient for influencing the local adoption and implementation of the interventions most promising for tackling the NCD epidemic. Other research has shown that a low publication level is a result of little activity on target interventions since publication outputs have been shown to follow the development and practice of interventions (28) . In view of this, the scarcity of publications found in this study indicates that research activity on NCD priority interventions in LMICs is at a minimal level, especially in regards to NCD risk factors other than tobacco use. The current research focus on tobacco control priority interventions relative to healthy diets, physical activity, and alcohol reduction priority interventions may largely reflect the fact that the case for action is currently different for each specific risk factor. The FCTC laid out clear global tobacco control priorities and 175 countries have now signed and ratified the treaty (29) . While the evidence base for priority interventions related to healthy diets, physical activity, and alcohol reduction is now rapidly expanding on a global scale, the level of political commitment and resources devoted to implementing them remain relatively low, especially in LMICs. Experts are exploring what lessons can be learned from tobacco control efforts that can be applied to address other NCD risk factors (30) . There are calls, for example, to use an approach similar to tobacco with alcohol through a Framework Convention on Alcohol Control (31). The possible underlying causes of the overall low level of research activity are multiple. Historically NCDs have been viewed as a problem limited to developed countries. This is a misconception which persists and continues to influence research agendas, government agendas, and funding opportunities as infectious diseases remain the focus of development efforts. Other health-related bibliometric analyses focusing on LMICs show greater levels of research intensity on HIV/AIDS, malaria and tuberculosis, global health challenges that are already firmly on the development agenda. For example, from 1998 to 2009 Indian scientists alone had published 2,786 articles on malaria research (32) .
When NCD research is conducted, a high proportion of studies focus on epidemiology and surveillance and not on intervention research (33, 34) . It may also be that NCD intervention research focuses on 'non-priority' interventions or interventions that target communities or special populations. For example, during our review of the over 11,000 articles yielded in our literature search, we observed a high number of publications addressing smoking cessation counselling or health education interventions for school-based populations. Though these types of approaches have a role in an integrated effort to reduce NCDs, current evidence indicates that in resource-constrained settings their implementation should not come at the expense of population-wide interventions (5) . Though global efforts have been made to create a prioritised research agenda, the resulting outcomes have a seemingly inclusive approach to them, creating the chance that the true priorities may be lost (35, 36) .
Within some countries and regions, capacity for developing and implementing an NCD intervention research agenda remains relatively limited and challenges in publishing peer-reviewed research persist. This study highlights that researchers from HIC institutions have a strong presence in NCD research conducted on LMICs. With the exception of tropical medicine (37) , other branches of health research, including medicine (38) , palliative care (39) , and nutrition (40), have found similar results. In addition to the relative 'newness' of NCD prevention research, locally led research in LMICs is hindered by low numbers (per capita) of qualified public health researchers (41) , poor access to research funding and challenges with the publication of research results (42) , which includes limited capacity for writing articles for peer-reviewed journals (43) , insufficient time to prepare manuscripts and possible manuscript selection bias (44, 45) . Research topics of high-priority for LMIC researchers do not always appeal to journal editors who are catering to an audience of HIC researchers (42) , as may be the experience of LMIC researchers from countries at earlier stages in the NCD epidemic who wish to publish research covering topics addressed in prior research in high-income countries.
Despite the overall low number of publications identified through this study, the increase in yearly outputs provides encouraging evidence that research activity on NCD priority interventions in LMICs has increased over the 12-year period examined. Furthermore, LMIC researcher leadership has increased both as a proportion of articles and in the number of publications, a growth that represents not only increased publishing but also local activity within LMICs on the development and implementation of evidence-based solutions. In our study as in other studies, LMIC authorship was highest in researchers from middle-income countries (46) . However, considering that among the LMICs with a high proportion of NCD many are middle-income countries (47) , this income group's high proportion of NCD intervention research may be appropriate and equitable.
During the examined time period there have been several major efforts to draw attention to NCDs (48Á53). The high number of articles published in 2010 and 2011 may be a result of the maturation of work initiated years earlier and it remains to be seen whether research on NCD priority interventions in LMICs will continue to increase and accelerate especially with the passing of the Political Declaration of the UN High Level Meeting on NCDs (4).
Limitations
The articles and data used in this study were limited by the results obtained through the use of a specific set of search terms at the time of searching the journal database Scopus. Though Scopus has a high number of non-English publications, there might be better databases that are more comprehensive for foreign language publications. Scopus does not provide information on the authors' nationalities and since many researchers are based in countries different from their nationality and some researchers have multiple institutional affiliations, it cannot be assumed that the country of institution is the author's country of birth. We chose to focus on the first author's characteristics since first authorship represents research leadership; we did not examine the number of authors on each publication and co-authorship characteristics. This quantification of research articles is only a proxy for a measurement of research activity. It is possible that there is actually a substantial amount of research that has been conducted on NCD priority interventions in LMICs, but it is not being published or is published in sources not available through our Scopus searches. Since we could not track what article data was primary or secondary research, it may be that a large proportion of the articles we found are re-analysing the same data sets. If this is the case, our analysis overestimates the degree of NCD research activity.
The strength of this study lies in the comprehensive nature of the search strategy and specificity of the data coding. We reviewed over 11,000 articles to identify only those articles that met the inclusion criteria of informing a set of carefully-selected NCD priority interventions based in one or more of the 144 low-or middle-income countries. To our knowledge, this is the first study to use this method to conduct a bibliometric analysis on this topic. We believe that by using this approach, our findings provide a solid estimation of the state of research publication on NCD priority interventions in LMICs.
Conclusions
Research activity around NCD prevention priority interventions in LMICs, while increasing, remains minimal and is particularly underdeveloped in certain topics and geographical regions. Though there is still a need for better epidemiologic evidence on diseases and risk factors, there should also be a clear emphasis on local intervention and implementation research. Given the limited resources available for NCD research, there is a need to strike a balance between generating evidence to 'understand the problem' versus generating evidence more directly related to the implementation and evaluation of population-wide interventions. The less than perfect picture about the scale of the problem should not be used as an argument to postpone cost-effective measures for NCD prevention or the commitments laid out in the UN High-Level Meeting on NCDs will not be met.
Finally, the global research funding agenda should be influenced to provide more resources for NCD priority intervention research in LMICs. In general, there is a huge gap in the research funding available for developed countries versus developing countries (54) . The Political Declaration adopted at the UN High Level Meeting on NCDs succeeded in firmly establishing NCDs as a global development issue requiring urgent action. However, development agencies have been slow to follow recommendations calling for an adjustment of current funding programs and the increased availability of resources targeting NCDs. Funding models should make it possible to take advantage of situations where policy changes have created a natural experimental setting (55Á57) and should also encourage and support local ownership, local leadership, and local translation of evidence to policy in order to increase the uptake of results by decision makers. 
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